The effects of traditional herbal medicines are usually attributed to synergism among the multiple herbs and constituents because the individual components interact with the other ingredients. Pharmacokinetic studies are useful in helping to explain and predict the various medical activities related to the efficacy and toxicity of drugs, as well as to evaluate the rationality and compatibility of herbs or herbal medications. Given the complex chemicals in herbal medications, one major active ingredient is generally selected as an indicative or marker compound and the interactions of ingredients in the herb or herbal medication are clarified based on the pharmacokinetic behavior of the selected compound.
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"Samgiumgagambang" (SGMX), a new herbal medication, was developed by altering the herbal composition of Samgium, and has been used at the Daejeon University Oriental Hospital since 2001 for treating cerebral vascular damage, hypertension, and hyperlipidemia. 4, 5 The efficacy of SGMX has been evaluated clinically and experimentally.
6,7 Many recent reports have described new biological activities of certain SGMX constituents based on modern monitoring methods. [8] [9] [10] [11] [12] Wen-Pi-Tang-Hab-Wu-Ling-San (WHW), a decoction of 15 herbs, was developed by combining Wen-PiTang and Wu-Ling-San. This decoction inhibits renal fibrosis in kidney cells 13 and has been shown to protect the kidney against ischemia/reperfusion injury in mice. Coptidis Rhizoma, a key herbal ingredient in both SGMX and WHW, has been widely used for centuries to treat dysentery, hypertension, inflammation, and liver diseases. 14, 15 Berberine, an isoquinoline alkaloid that is the main active ingredient of Coptidis Rhizoma, has multiple bioactivities, including immunosuppressive, 16 anti-diarrheal, 17 anti-neoplastic, 18 antiinflammatory, 19 anti-arrhythmic, 20 anti-proliferative, 21 and anti-biotic 22 properties. The pharmacokinetics of berberine in plasma, bile, and urine, as well as in the tissues of mice, rats, dogs, rabbits, and humans have been reported using UV spectrophotometry, fluorometry, tritium-labeled berberine, and high-performance liquid chromatography (HPLC)-MS/ MS methods. [23] [24] [25] [26] [27] [28] [29] However, there are few reports on the comparative pharmacokinetics of pure berberine and berberine contained in single-herbs or complex herbal medications.
Here we successfully developed a simple HPLC method to determine the concentration of berberine in rat plasma after the administration of the SGMX, WHW, and singleherb extracts. The plasma concentration of berberine was determined separately after the oral administration of the SGMX, WHW, and Coptidis Rhizoma extracts, and pure berberine. The berberine peaks were clearly separated from the matrix and the mean concentration-time curve was plotted. The distribution processes of berberine after the oral administration to rats could be adapted into the onecompartment model. The mean concentration-time curves are shown in Figure 3 and the pharmacokinetic parameters are presented in Table 2 . Calibration curves were generated by plotting chromatographic peak area as a function of marker compound concentration. The peak area of berberine in rat plasma showed a good linear relationship with the following regression lines: y = 2.1x − 0.4 in SGMX conditions, and y = 3.5x − 0.7 in WHW conditions (where y is peak area and x is the marker compound concentration in µg/mL). The LOQ value of berberine determined from the pooled plasma samples was 0.8 µg/mL. Table 1 shows that the intra-and inter-day variations as determined by duplicate analysis of the QC samples were less than 2.93% and 4.98%, respectively. The accuracy of the method ranged from 96.2% to 104.0%. The recovery of berberine in the QC samples (1.0, 5.0, and 20.0 µg/mL) ranged from 79.0% to 85.5%. Stability tests indicated that the analytes were stable in rat plasma at room temperature for 24 h under each freeze-thaw cycle as well as at -20°C for 14 days (Tables 3  and 4 ). After oral administration of pure berberine alone, berberine was absorbed at a lower absorption rate with a T max value of 60.8 min, and reached a maximum plasma concentration (C max ) value of 2.74 µg/mL. The plasma berberine concentration decreased to a T 1/2 value of 14.8 ± 2.1 min. After the oral administration of WHW and SGMX, berberine was absorbed at a higher absorption rate with T max values of 34.1 ± 5.2 and 42.2 ± 3.9 min, respectively, and reached similar C max values of 2.9 ± 1.1 µg/mL and 2.8 ± 0.82 µg/mL, respectively. The C max of berberine was not significantly different among the 3 different groups, indicating that all groups were administered the same amount of marker compounds. After the oral administration of WHW and SGMX, the AUC values of berberine were 893.9 µg·min/mL and 946.3 µg·min/mL, respectively. The AUC values of WHW and SGMX were higher than that of orally administrated pure berberine alone (537.4 µg·min/mL). The AUC value of berberine was significantly increased after the oral administration of the SGMX and WHW decoction extracts compared with the oral administration of pure berberine alone, indicating that a relatively larger amount of berberine was absorbed after the oral administration of SGMX and WHW. Regarding the pharmacokinetics of berberine, the AUC values of SGMX and WHW were increased approximated 39%-43% compared with that of pure berberine, indicating that the excretion of berberine in SGMX and WHW may be more retardant than in the Coptidis Rhizoma extract and pure berberine. In addition, a relatively short T max was observed, suggesting the fast absorption of berberine after the oral administration of the SGMX and WHW extracts.
Although the mechanisms accounting for the different pharmacokinetic behaviors of berberine in the SGMX and WHW versus the Coptidis Rhizoma extracts are not clear, the present study is the first to report the differences in the pharmacokinetic parameters of berberine administered in SGMX, WHW, and single-herb extracts in rats. It is likely that potential interactions occur between berberine and the other components in the formulations because this phenomenon was not observed in the single-herb extract. Possible compound-compound interactions should be studied to further elucidate the underlying mechanism of the pharmacokinetic differences. These differences in the pharmacokinetic properties observed between SGMX and WHW indicate the importance of investigating the pharmacological characteristics of herbal formulations for clinical applications.
Experimental
Preparation of the Samples and Standard Solutions. SGMX is an extract from a mixture of 14 natural products. The herbal mixtures were coarsely ground and then extracted with 2 L of boiling water for 3 h. The extracts were then filtered using a 2-layer mesh and concentrated under vacuum. Finally, the extract was recovered by freeze-drying. The same amount of Coptidis Rhizoma was extracted individually using the same method. All extracts were stored at 4 °C before use.
The stock solution of the berberine reference standard was prepared in methanol at a concentration of 1 mg/mL and stored at -20 °C. To construct calibration curves of berberine in rat plasma, berberine reference standard solutions were prepared at 6 different concentrations (1.0, 1.25, 2.5, 5.0, 10.0, and 20.0 µg/mL) by a serial dilution of the stock solution. High-, mid-, and low-level quality control (QC) samples containing 1.0, 5.0, and 20.0 µg/mL of the reference standard were also prepared in a manner similar to that used to prepare the reference standards.
Chromatography. The berberine in the 2 different herbal formulas and rat plasma was analyzed by HPLC with different separation conditions to achieve the best separation (Figures 1, 2) . The berberine concentration in the extracts from SGMX and Coptidis Rhizoma, and plasma from rats administered with SGMX was determined using an HPLC system equipped with a C18 column (2.1 × 150 mm, 5 µm; Phenomenex, CA, USA) at 25 °C. The mobile phases consisted of 10% methanol in water containing 5% formic acid (A) and 90% methanol in water (B). The eluent was increased linearly from 0% to 40% B for the first 30 min, followed by up to 75% B from 30 to 60 min, and maintained at 75% B for 5 min with a flow rate of 0.4 mL/min.
The berberine concentration in WHW and plasma from rats administered with WHW was determined using a C 18 column (4.6 × 250 mm, Optimapack, Korea). The mobile phases consisted of 5% methanol in water containing 5% acetic acid (A) and 95% methanol (B) with a flow rate of 1 mL/min. A gradient program was used as follows: from 0% to 25% B for the first 40 min, a linear increase up to 40% B from 40 to 80 min, a linear increase to 100% B, and then maintained at this level for a further 10 min. The eluent was monitored at 250 nm and UV spectra were recorded from 190 to 400 nm using a diode array detector. The separated peaks were identified by comparing retention times (R t ) with standard compounds using LC-MS spectra. To identify the marker compound, LC-MS analysis was performed using an LC-MS-2010EV system (Shimadzu, Japan) linked to an electrospray ionization source operating in both negative and positive modes.
Pharmacokinetic Study. Animal experiments were performed following the approved procedure by the Animal Ethics Board of Chungnam National University. A total of 24 rats were randomly divided into 4 groups and a different extract was orally administered to each group by gavage with a syringe under the following conditions: WHW, 1.8 g/ 100 g body weight, containing 0.25% berberine; SGMX, 2.4 g/100 g body weight, containing 0.19% berberine; Coptidis Rhizoma extract, 0.15 g/100 g body weight, containing 3.1% berberine; and pure berberine (4.5 mg/100 g body weight). Blood samples (approximately 1 mL) were collected from the orbital vein at 0, 10, 20, 30, 45, 60, 90, 120, 180, 240, and 360 min after administration. The plasma was separated Notes by centrifugation (17,000 rpm for 10 min) at 4 °C, and 0.1 mL of plasma was then diluted with 0.4 mL of methanol. After 30 min, the mixture was centrifuged (17,000 rpm for 10 min) at 4 °C. The supernatant was dried under N 2 gas and the residue was dissolved in 0.1 mL of methanol and stored at 20 °C for analysis.
